of approaches to unravel the molecular basis of resistance in a strain of Anopheles gambiae from West Africa that exhibits such a multi-resistance profile.
Over the last fifty years significant advances have been made in our understanding of how insects evolve resistance to insecticides at the molecular level (6) . Two mechanisms have been most frequently described: enhanced insecticide metabolism/sequestration by detoxification enzymes, and mutations in insecticide target-sites that alter the affinity of insecticide binding. Reduced penetration of insecticide through the insect cuticle has been proposed as an alternative resistance mechanism for some time, but much less frequently reported. Just a handful of studies have associated changes in insecticide penetration or cuticular thickness with resistance (7) (8) (9) ) and the precise mechanisms that result in changes in cuticular structure or composition are essentially unknown.
The insect cuticle is composed of the polysaccharide chitin, proteins and lipids that form two primary layers: the inner procuticle, containing chitin, and the thin outer epicuticle which is chitin free (Fig. 1 ). Insects prevent desiccation by depositing cuticular hydrocarbons (CHC), synthesised in specialised secretory cells in the epidermis called oenocytes, on their epicuticle as effective waterproofing agents. Previously in PNAS, Qiu et al. (10) demonstrated that in Drosophila and the housefly, Musca domestica, the final step of CHC synthesis is catalysed by cytochrome P450 enzymes of the CYP4G subfamily (CYP4G1 and CYP4G2 respectively) that are highly expressed in oenocytes. This finding was of significant interest to the community working on insecticide resistance in Anophelines as the potential functional orthologs of these genes in mosquitoes, CYP4G16 and CYP4G17, are overexpressed in resistant populations of both An. arabiensis and An. gambiae (11, 12) , suggesting a possible link with cuticular-based resistance. Transmission electron microscopy revealed a significantly enhanced thickness of the cuticle in resistant mosquitoes with the outer epicuticle explaining much of the overall difference in total cuticle thickness. Crucially, Gas Chromatography and Mass Spectrometry showed that while there were no qualitative differences in CHC profiles between the two strains, a significant increase (29%) was observed in the CHC content of resistant mosquitoes. Taken together these data provide significant advances in our understanding of cuticular resistance; first they suggest the underlying basis may be due to quantitative rather than qualitative changes in chemical composition of the cuticle. Second, they highlight which parts of the insect cuticle might be most important in providing protection from insecticides by revealing that the greatest changes occur in the epicuticle which contains the protective CHC-rich wax layer of the cuticle (Fig. 1) .
What genetic changes underlie the increase in thickness of the epicuticle and the higher Although not yet routine, recent advances in the tools available for An. gambiae transgenesis may also make similar experiments possible in the native species (13, 14) .
Synthesis of CHCs from long-chain fatty acids is complex and requires a combination of elongases, reductases and dehydrogenases. It would be worthwhile, therefore, to explore if cuticular resistance also involves genes from these families in addition to CYP4G16/17. Previous work on resistant An. arabiensis has identified several genes, co-upregulated with CYP4G16, which are involved in fatty-acid metabolism (12) . This suggests that a suite of genes involved in hydrocarbon synthesis may be co-upregulated to confer resistance and the consistency of this finding warrants investigation. Finally, the data described above strongly suggests a causal role for CYP4G16/17 in resistance. Once this is definitely confirmed it would be interesting to explore what drives their overexpression in resistant mosquitoes. No difference in CYPG16 copy number was observed in resistant An. arabiensis (12) and sequencing of the promoter regions of these genes would be a logical first step to examine if modification of a cis-acting element is associated with the enhanced expression of these genes. The identification of a genomic change linked to overexpression would facilitate the development of DNA-based diagnostics that can be used to determine the frequency and distribution of resistance conferred by this mechanism. Indeed, the extent to which cuticular resistance has arisen in Anopheles 
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